Camouflaged from diffraction: The aliphatic isoreticular analogue of the well-known MOF UiO-66(Zr) undergoes a unique and reversible phase change upon guest removal. This change
is attributed to a concerted conformational contraction of up to two thirds of the linkers, which breaks the local lattice symmetry. X-ray scattering data are described well by a nanodomain model in which differently oriented tetragonal-type distortions propagate over about 7-10 unit cells.
The field of metal-organic frameworks (MOFs) has greatly matured over the past decade, with many developing applications. [1] [2] [3] [4] [5] Among MOFs, the zirconium carboxylates stand out for their high thermal and chemical stability, [6] but also because, except for a few cases, [7] [8] [9] [10] they all share a similar chemistry based on the [Zr6O4(OH)4(CO2)12] inorganic node. [11, 12] This allows for a rational synthesis of certain topologies by selecting the appropriate, often rigid aromatic linkers. [13] The resulting materials feature tunable but static permanent porosity.
One property that remains surprisingly elusive to realize in Zr-MOFs is a dynamic, stimulus-dependent porosity. Such materials, also called breathing or third-generation MOFs, reversibly undergo a phase change in response to pressure, temperature, or selective guest adsorption, and are considered ideal candidates for sensing or separations. [14] [15] [16] [17] [18] 3 Flexibility in MOFs often originates at the connection between linker and inorganic node. With rigid carboxylates, a typical mechanism is the so-called knee-cap, or linker rotation around the axis through the coordinating oxygen atoms. [18] Zr-MOFs however are not predisposed to be flexible in this way owing to their often high connectivity and the presence of odd-numbered cycles in many topologies. One way to circumvent these issues is to shift flexibility to the linkers. [14] [15] [16] Recently Farha et al. [19] employed this strategy by using large tetrapodal linkers with bendable arms to synthesize breathing Zr-MOFs.
Flexible, aliphatic linkers could both circumvent the topological constraints on breathing related to their rigid counterparts and enable a guest-selective uptake. However, the only aliphatic Zr-MOFs reported to date, based on adipate, irreversibly collapse upon evacuation, ruling out any breathing. [20] Herein, we present the synthesis of a flexible Zr-MOF by employing trans-1,4-cyclohexanedicarboxylic acid (H2cdc) as linker. We successfully synthesized ZrCDC, an aliphatic analogue of the widely studied Zr-terephthalate UiO-66 ([Zr6O4(OH)4(C8H4O4)6]). [12] ZrCDC displays a unique breathing behavior with a loss of long-range order in the transition from a cubic, adsorbate-filled form to a lower-symmetry evacuated phase.
As-prepared ZrCDC shows excellent crystallinity (Supporting Information, Figures S1, S2), which is retained upon solvent exchange of DMF occupying the pores for ethanol or water. The structure of ZrCDC was solved by Rietveld refinement of a model derived from the UiO-66 framework against a high-resolution X-ray diffraction pattern collected from a water-exchanged sample (Supporting Information, Figure S3 , Table S3 ). Although ZrCDC only decomposes at temperatures above 275 °C (Supporting Information, Figure S5 ), guest removal, even by evaporation at room temperature, results in the disappearance of clearly defined Bragg reflections in the X-ray powder diffraction pattern of ZrCDC ( Figure 2 ). This loss of long-range crystalline order is also accompanied by a collapse of the ZrCDC pore volume (Supporting Information, Figure S6 ). However, the persistence of broad diffraction features at low angles hints at an enduring short-range order within the material. Moreover, immersion of the evacuated powder in ethanol or water results in the complete recovery of the crystalline lattice. Counter-intuitively, apolar solvents such as hexane are unable to induce pore opening, despite the hydrophobic nature of the linkers, which points to a guest-specific breathing behavior (Supporting Information, Figure S7 ).
Understanding this reversible desorption-induced amorphization clearly requires insight into the nature of the collapsed phase, hereafter denoted ZrCDCcp. Therefore, the latter was investigated by a combination of X-ray total scattering, solid-state 13 C magic angle spinning (MAS) NMR and molecular modeling.
Since the breathing may involve conformational changes of the cdc 2-linker, these were probed by 13 Following contraction to a body-centered tetragonal cell ( Figure S10 ), the cubic (111) reflection (d=12.0 Å) is conserved as the (011) 
